ot bbbt St

et

¢
I

’ “’/'{

f‘,-..a

TRAFFICABILITY OF SNOW IN ARCT lC

S
N
2
N
R

.-,, .n, wsoperty of the Unltod oiazas ﬁmvemw

U&" Li.l" b 1
\ | 78

MISCELLANEOUS PAPER NO 4-7I.a

AND SUBARCTHC REGIONS

by :
B. G. Schreiner |

March 1955

Sponsared by

U. S. Amy Materiel Commard,

Conducted by ° |
U. S. Army Enginear ""'atéreeys Experimant Station
- . : |
CORPS ur ENGINEERS
Vicksburg, ' Mississippi ;

- RECTLICH CTU7TR ' 1mRARY
~3 RRMY ENGINELY WATIRZ e kg o
. . i .



L L I N

40 I e A oy

- 745150

e L eI

[P A
My

n

AD

1

'"TRAFFICABILITY. OF SNOW IN ARCTIC
AND SUBARCTIC REGIONS

ABMY-MRC VICKSSURG eSS,

., MISCELLANEOUS PAPER NO. 4.713 -

, .
B. 6. Schreiner

March 1965

: Sponsored by
U. S. Ay Materiei Command

Coaducted by
U. S. Amy Enginee.r_Waterwa‘ys Exp'er?menlt Station
‘CORPS OF ENGINEERS
Vicksbarg, Mississippi

FIERERRN LT TT RO < - L

NATIONAL TECHNICAL
INFORMATION SERVICE

U 35 Decortwment of C




e

‘ FOREWORD

Michigsn, held on 9-10 Febrmry 1965.
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This peper discusses e phase of the work conducted at the U. S.
Army Rpgineer Waterways Experiment Station .(HES) under the sponsorship
‘and guidance of the Directarate of Rescarch and Development, U. S. Army
Materiel Carmand, as part of Task 1-V-0-21701-A-046-02, "Surface Mobility.'

The study discussed was accomplished by the Trafficability Section
of the Army Mobility Research Branch, Mobility and Biwvirommental Division,
WES, wmder the supervision of Messrs. W. J. Twrnbull, W. G. Shockley,
S. J. Enight, and E. S. Rush. This paper was prepared and presented by
Mr. B. G. Schreirer, Traffizsbility iection, at U. S./anadian joint meet-
ing of the Internz2ticnal Society for Ter-ain-Vehicle Systems in Houghton,
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TRAFFICABILITY OF SNOW TN ARCTIC AND SUBARCTIC REGIONS

by
B. G. Schreiners

Introduction

Trifficability is the characteristic of a terrain that indicates its
abilily to suppcrt the passege of a ground vehicle. The principel aim of
the trafficability studies being conducted by the Waterways Experiment
Station is to develop suiteble correlations petween simple terrain rea-
surements ard vehicle performance.

One of the terrain surface conditions that poses trafficability
problems in northern areas is snow. Several agencies have responded to
these problems anad have performed trafficability studies on various snow
conditions. The U. S. Army Cold Regions Research and Bogineering Labora-
tory conducted scene snow trafficability tests many yeers ago in the moun-
tains of Coloradc, zrd later in Michigan and Greenland. The U. S. Army
iand Lccomotion Iaboratory and Transportation Research Command tave studied
srow proolems in ¥ichijjan end elsewhere; and the Canadien Deferce Resesrch

Board bas made several studies in Caneda.

Snow Treflicability Studies of the
Vaterways Sxpariment Station

The Waterways Experiment Stetion for & long time concentrated most

of its efforts on the traffieatility of mineral soils; bowever, in recent

* Engineer, TrefTicability Section, Army Mobility Research Branch,
Mobility and Zavironmmental Division, U. S. Army Engireer Waterways
Experiment Stavion, CE, Vicksourg, Miss.
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years it has also turned its attention to snow. The work in snow has now

progressed sufficiently to warrant disemssion. ‘This peper will describe
briefly the most important correlations ds=rived through trafficability
testing in snow.

The HWaterways Experiment Station began snow trafficability studies
l ic 195h. Since then it has conducted test programs on the Greenlard Ice
‘ Cap #nd in the mountains of Colorado, and has participated in progrems

conducted by otner egencies at Houghtom, Michigsn, and Pt. Churchill and

Kapuskasing, Canada. Detailed resulis of the work in snow, including riany

facets not covered in thi: peper, heve been published ie WES Technical

Memorandum No. 3-414, Trafficability of Snow, Repcrts 1-¥.

Snow corditions ites:ed

According to SIPRE’'s "Simplified Field Classification of Natural !

Snow Yypes for Engineering Purposes,” tle snow conditioms tested in

Greenleand included dry, moist, ard wet fine-graired snow, and wet coarse-

grained snow; the condition tested in the United States ari Canada has
been primerily dry snow. The surface soow on the ice cep ranged in hard-
ness from soft to very herd for the dry suow, and soft to very soft for
the moist and wet snow. Tne dry contirextel snow tested ranged from soft
to very scft thrcughout the entire sncuwpeck.

Instruxents and tecrniques Jsed

¥re principal insirument used to measure snpow trafficability has

i

been the cone penetrometer tczether with & compaction test apparatus

modified from the standard remolding test apreratus used in fine-grained

soils. Prior to selectiocn of these instruments, hcwewer, some 12 other

o2 Mt Mt R b

Inscruzents and the snow preperty measurements obteined with them were




evalmted during pilot phases of the study. Results showed that the
standard trafficability instruments appeared to be the most useful of
those studied.

Vehicles tested

Whether a terrain is trafficable or not depends not only on the
specific features of tbe terrain, but also.on the characteristics of the
vehicle. To achieve a better understending of the trafficebility problums
in snow, 8 variety of wvehicle systems was tested, including self-prcpelled,
tracked and wheeled vehicles, and 10-ton sleds. Tke ground-contact pres-
sures of the tracled venicles ranged froe 1.0 psi for the Tucker Sno-Cat
to 10.5 psi for the M4UB tank. The gross weights of the tracked vehicles
ranged from 5,000 1b for the M20C weasel to 956,000 1b for the MU8 tank.

. Becanse of their pcor perfcrmance, only 8 few tests have been run with
conventicnal wheelad vehicles. The tests with sleds were made to compare
the performance cf steel runners and two types of plastic runners.

Vehicle tests cornduicted

Yehicle tests were cf three general types: single self-propelled,
toving, end towed. A single self-propelled test is one in which a self-
Propelled vehicle travels forward and beckward in a straight-line path
in the same tracks ontil it becomes immobilizedé or until it ccmpletes
40-50 pesses. A towing test is used to determine the drawbar pull & self-
propelled vehicle can develop under prescrived conditicns, whereas a towed
test is made to detsrmine the amount of pull reguired to tow a vehicle.

Ir. the tests discussed iz this paper, the iowed vehicle was a sled equip-
ped with one of the sled-runner ra*eri-ls menticned earlier. The original

purpose of the tests was to test ereas where sncw conditions were s'.rong
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enough to support traffic of a given vehicle and other areas where the snow
was weak enough to cause & vehicle to become immobilized, and thus delineate
*go™ and "no-go" performance on the basis of snow properties. Faw snow
conditions tested were fournd to be poor enough to cause immobllization of
conveational tracked vehicles in a few straight-line passes, or good enough
to sapport traffic of conventional vheeleci vehicles.

The action of tracked vehicles in snow is such that if the initial
strength of the snow is less than that required to support the wvehicle, the
vehizle will compect the snow until the strength of the snow equals or
exceeds that required. This condition occurredwithout critical vehicle
sinkage. . nce snow conditicns were not encountered that permitied cor-
relation o the basis of go-no go fur 50 passes, most wehicle performance
»easurenents re in terms of drawbsr pull and results of towed-vehicle
tests.

Test results

Because of differences in snow conditions and the -effects of snow
derpth cn the tests in Colorado, this discussion is divided into ice-cap

snow iests and continental-mountain snow tests.

Ice-cap sncw tests. In ice-cap snow, tracked vexicles occasionally

became imnobilized on natural, steep slopes (if steep emough, & slope can
cause the immobilization of any vehicle on any medium) end on steep slopes
created by the formation of ridges and swales in repetitive-pass testing.
Heavy, high-grcand-pressure venicles, such as the Mi8 tank with a ground
pressare of 10.5 psi, occasionally had difficulty in maneuvering in sore
Greenland snow conditions. Howeveér, in no vase vere any of the tracked

vehicles tested in Greenland immotilized in a few passes while traveling

A - -
PS4

7]

I Y T TIRY R Y I

el et SRS P LT R T L o

LESWE FRTIE TS

20 o S e v wo S S AR S b st iR L

SRy

[




. s S lAls Pt A @

on level snow and not towing a load.

In multiple-pass treffic in the same ruts, ridges end swales begin
to develop along the rut surface after approximately 10 passes; if tre.ff.ic
is continued, these ridges and swales may cause the vehicle to become im-
mobilized. The amplitude and frequency of the ridges and swales epparently
depend upon such wehicle characteristics &;s gross weight, ground pressure,
track length, etc. After-traffic snow streangth, in terms of cone index,
shows an crderly chenge with nuzber of passes applied, initial strength of
the snow, and loed applied. The magnitude of the change is dependent upon
such factors as vehicie contact pressure and gross weight, the number of
passes applied by the vehicle, and the grain size and wetness of the snow.
All wet snow, moist snow, and the softer dry cnow increase in strength with
compaction, as shown in fig. 1la, but herd to very hard, dry snow loses
strength when ccmpacted otecause the bond between the snow grains is
destroyed.

Vehicle performance on the basic of depth of rut formed while the
vehicle is traveling over virgin snow cen be correlated directly with
snow properwy mcesurements. It has bsen found that the ccrrelations are
improved ty sepacating the snow types on the basis of wetness, as shown
in fig. lb.

Generally speaking, in the snow traﬁficability tests the rut created
on the first pass was about two-thirds as deep &s it became afier 10 ,.sses.
Fig. 2 is a plot comparing the depth of r.- after the first pass (Y-axis)
with that after the 10th pess (¥-exis).

During the first pass of a vehicle, the snow compacted by a track

of the vehicle is deformed downward with little lateral movement, as
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shown By the resultant stress patterns beneath _the rut surface. The depth

F of the defurritiom or "stresg hulb" 1s dependent upon the gross wéight of
the veki:le snd the initial strength of tke snow. As soon as the strength

i
of the «. . €Cue 'R the foree (! the load applied, no significant further

e

deforme.. .. sccuss; b ice no further development of the stress bulb: taxes

PO k]

place. I{ a5 fouwn “!a‘ jor the saze contact pressure, the depth of the
: stress mlb wvas sha' ' . in dry, medium-hard snow and deep in soft, wet snow |
(rig. 3)-

P the towing tests, in which per;tomxance was measured in terms of

PR IR E o FIL Y

saxirum drawt-ar poll that the vehicles could develop under certain snow

H

conditions, the best: performance with ali wvehicles tegted wes obtained on i

moist smw, follcwed by that on \rét snow which appéa.red to have a slight

advantage over 4ry snow for mosc vehicles (fig. 4). For all snow types, ’

the girderized track systems of the engineer tractors generally gave best -
performmace, foilcwed by the vegsel vhich has a comi)a.ratively hi%h number
cf bogiss for the comtact area of ..o track. Little performance differeuce
sppeared 3etween the high-speed tractor sud the MU temk. This indicates
that the zore uriformly the track systen loads the .s.nosr, the better tke '

vehicle perfores. 31t was found also that ground-c;cntact press;re affacted

the towins performmpce of a wehicle. Tests run ;:n a dry sncw with a cone

index of 0 indicate that for o vehicle to tow 40 percest of its gross

weizht im this type of snow, the g'amd-cwt pressure should not exceed
& pst (f3g. 5). |

Remalts of the sled tests (fig. 6)=1nd‘1cate that the kinetic ﬁ'i'ction
of Teflcn-costed ruzners over dry snow is approximately one-half that of | ' i

steel, witle thet of Kel-F plastic-cceted runners Zalls about halfway
:

.
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between the Teflon and steel values. Tests of static friction show highest

; coefficients for wet snow and lowest for dry suow. As the snow becomes

moist, the differences in frintion coefficients become less and the values
themelves become smaller. For vet soow, friction ccefficients are &
little higher than for moist snow. Unit loads between 2.5 and 5.0 psi had
ro amreciabw different .effects on kinetic friction..

1 - Continens al-mountain SNOW tests. More consideration was given to

‘depth of snowpack in studies of continental snow, since it is relatively

shallow (usually, less than 4 ft deep) compared to deep ice-cap snow. The
depth of the mountain snow tested ranged from 12 to 45 in. The snow condi-

tion was always .soft to very soft (strengths in terms of come index ranged

i
from 2 to 12) with wetness classifications of moist or dry.

The sultiple-pass traffic test results show that sinkege (rat depth)
can be correlated with ;nov depth for a particular vehicle (fig. 7). The
fitrst pass of a vehicle is the most difficult. The only tracked vehicle
tested that beceame immobilized was an MSAY tractor, and immobilization

occurred in about 45 in. of saow. Difficulties were encountered in steer-

. ing. trzcked vehicles in snow when the depth exceeded about 30 in. Tracked

vehicles with high ground pressu:es performed better in snow 30 in. or

less ix depth than lcwer grourd-pressure vehicles, because the former

vehicles sank through the soft snow and develcped traction near the ground

.surface.

“re trafficaebility of soft, dry snow was improved by compaction and
age-haydening. . .
l -
! ¥heeled vehicles opsrating without traction devices tecame immobi-

lized in saow dépt'ns in excess of about 25 percent of their wheel dismeter.
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Results of the towing teste indicate that vehicle performance in

terus of maximun drawbar pull can be correlated with snow depth; as snow

depth inereases, drawbur pull decreases. For one vehicle, the M29C weasel
(£ig. 8), it vas found that in soft, dry snow, snow depths greater than '
30 in. did not affect the drawbar pulls because at this dapth the entire
stress bulb was contained within the suow. Pirsi-pass drawbar pull was
greater in moist than in dry srow. The total tractive coefficient (meximum
dravber pall plus rolling resistance) vas about the same for all tiacked

vehicles tested (fig. 9). i

Sumnary of Test Findings

On the basis of results of field test programs of sdmittedly limited

extent, saow tyre, wetness, depth, and strength appear to ve of siznifi-

[EERTE TUETE TR

cance. Gererally, all tracked vehicles can travel over the level, perma-

nently cowered, deep-snow areas of the Greenland Ice Cap and cver the

14 W i

subarctis snow when it °s less than avout 36 in. deep. Maximum drawbar
Pulls on ice-cap snow wers found to vary in a narrow range, from abcut
35 to k5 vercent cf the grnss weight of tkhe vehicles; while on subarctic

suow, the maxinum drawbar pull devended significently upon the snow depth.
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